AD-A068 825 DAVID W TAYLOR NAVAL SHIP RESEARCH AND DEVELOPMENT CE=-=ETC F/6 20/4
THE CALCULATION OF STREAMLINE DATA FOR BOUNDARY LAYER INPUT,(U)

NL
|IIII||iiii||IIII\|IIII||IIII||IIII\|IIII\|IIII||IIII|IIIII||IIII\IIII|IIIIIII

JAN 74 C W DAWSON: J S DEAN
UNCLASSIFIED DTNSRDC/CMD=4=T4

END
DATE
FILMED
19
Do




= e
ol

|||||l E g
I- l- l

FI
i

T

l||| |

‘W‘F’

-

NATIONAL BUREAU OF STANDARDS
0COPY RESOLUTION TEST CHART

o




CMD-4-74

DAVID W. TAYLOR NAVAL SHIP
RESEARCH AND DEVELOPMENT CENTER

Bethesoa, Md. 20084

THE CALCULATION OF STREAMLINE DATA
FOR BOUNDARY LAYER INPUT

)

ABAQ68825

Charles W. Dawson

and

- MAY 23 1979

Janet S. Dean

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED.

COMPUTATION, MATHEMATICS, AND LOGISTICS DEPARTMENT
DEPARTMENTAL REPORT

THE CALCULATION OF STREAMLINE DATA FOR BOUNDARY LAYER INPUT

January 1974 CMD-~4-74
o i
R~ s S A e -— e




’
Ty~ T X -
"s Wt Sostios 9
30 it w0 i
e o ?
P : b

! . .....—----n.—-——.oc—-.—-—.-..-...-

)] MAJOR DTNSRDC ORGANIZATIONAL COMPONENTS

SRTIMEROL ATAIADILITY 09088

,Q i DTNSRDC

& COMMANDER

00
TECHNICAL DIRECTOR

01
: OFFICER-IN-CHARGE OFFICER-IN-CHARGE |
CARDEROCK os ANNAPOLIS
SYSTEMS
DEVELOPMENT
DEPARTMENT

11

AVIATION AND
SURFACE EFFECTS
DEPARTMENT ¢

SHIP PERFORMANCE
DEPARTMENT :

COMPUTATION,

17 OGISTICS DEPARTMENT o i
18 |
|
SHIP ACOUSTICS PROPULSION AND

AUXILIARY SYSTEMS |
DEPARTMENT 27 |

DEPARTMENT -

SHIP MATERIALS CENTRAL
ENGINEERING INSTRUMENTATION
DEPARTMENT g DEPARTMENT ,q




N RERTE ST

Ly e

SR

s R YO N U St

SECURITY CLASSIFICATION OF THIS PAGE (When Dete Entered)

REPORT DOCUMENTATION PAGE .y

[T, REFORT NUMBER ;.novr ACCESSION NO.| 3. RECIPIENT'S CATALOG.MUMBER .

CMD-4-74 - 7 yrr 2DC /IMD = Y- T )

4. TITLE (and Subtitie) Bt ol S. TYPE/OF REPORT & PERIOD COVERE!

\,’ C /  THE CALCULATION OF j'l'REAMLINE DATA /
/S

“FoR BOUNDARY TAYER INPUT :
j’ / € PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(e)

———————————————— ———

/Charles W /Dawson & Janet S /Dean

T )
§ F &'
T PERFORMING ORGANIZATION NAME AND ADDRESS 0. PROGRAN EL :ﬁ. -inoatcv. TASK

David W. Taylor Naval Ship Research
and Development Center § BT S i:l;gro{;g;s SF14532106
Bethesda, Maryland 20084 // FléoZ2o | u : ¥
11. CONTROLLING OFFICE NAME AND ADDRESS 0~ 1 12 REPORT DATE
% ""“'f** —~ // : Janmn /
oy 24 1 " 13 NUMBER OF PAGES 3
oo, et f 36

N
MONITORING AGENCY NAME 8 ADDRESS(I! different from Controlling Office) | 8. SECURITY CLASS. (of this report)

UNCLASSIFIED
rn:7g@Eggggfﬁivﬁﬁnssaﬁﬁﬂaﬁﬁr-*

16. DISTRIBUTION STATEMENT (of this Report)

APPROVED FOR PUBI.IC RELEASE: DISTRIBUTION UNLIMITED.

17. DISTRIBUTION STATEMENT (of the abatract entered in Block 20, if different from Report)

18 SUPPLEMENTYARY NOTES

19 KEY WORDS (Continue on reverse aide il necessary and Identify by block number)
Streamlines
Potential Flow
Boundary Layer
Geodesic Curvature

20 ASRTRAACT (Continue on reverse side If necessary and Identity by block numbe:)

The XYZ Potential Flow Program has been modified to provide an improved
calculation of streamlines on the body surface. The improved program also
computes the geodesic curvatures of both the streamlines and the cqu:lpol:enth+
lines to provide input for three-dimensional boundary layer programs using
the small cross flow approxintion.h

\

DD , 5" 1473  eoimion oF 1 nov €813 oBsoL ETE UNCLASSIFIED / : ; £ f;' 5///
S/N DIN2-014- 8601 ¥
SECURITY CLASSIFICATION OF THIS PA 5

st it b o




LU URITY CLASSIFICATION OF THIS PAGE(When Date Entered)

iy

SECURITY CLASSIFICATION UF THIS PAGE(When Dats Entersd)




L e =

e

P R TR A

DEPARTMENT OF THE NAVY

NAVAL SHIP RESEARCH AND DEVELOPMENT CENTER
Bethesda, Maryland 20034

THE CALCULATION OF STREAMLINE DATA
FOR ROUNDARY LAYER INPUT

Charles W. Dawson
and
Janet S. Dean

January 1974

iii

CMD-u4-74




II.
111,
IvV.

VI.
VII.

VIII.

IX.

TABLE OF CONTENTS

ABSTRACES UL St bt 30540 Geres R s TNTH SHEld MVkur » o
ADMINISTRATIVE INFORMATION. . . « « ¢« ¢ « ¢ o o o &
INTRODUCTEION. & @ o o o o s o ‘euint oorgd iestigmsien v s me
THREE-DIMENSIONAL BOUNDARY LAYER METHODS. . . . . .
NATURE OF THE.PROBLEM ., .. oo s ioiis & & o s s & + & &
RESTRICTIONS ON THE INPUT . . . « « o & & ¢ o & &
COMPUTATION OF THE PARTIAL DERIVATIVES OF THE
VELOCITY v = s « .« & o s SRR e e
COMPUTATION OF POINTS ON A STREAMLINE . . . . . . .
COMPUTATION OF THE GEODESIC CURVATURES (K1 AND K2)
AND THE METRIC COEFFICIENT (H Yi vn . .
POSSIBLE DIFFICULTIES « « v & s s ¢ s 5 ¢ & & 5 = @
GUTPUR S o v sl L dh o MR s e e e (v e e a0
USE OF THE OUTPUT FOR BOUNDARY LAYER CALCULATIONS .

APPENDIX A ~ DECK SETUP FOR STANDARD RUN OF SAMPLE
PROBLEM SPHERE . .« ¢ « ¢ o o ¢ 4 » & &

APPENDIX B ~ OUTPUT FOR SAMPLE PROBLEM SPHERE . . .

12

17
18

23
25




o s v
o —— i

Figure

Figure

Figure

Figure

LIST OF FIGURES

Page
Streamlines on a Three-dimensional body. . u
Axisymmetric Pipe Model of a Three-
dimensional Body for One Streamline. . . . Yy

Ordering of the Quadrilaterals . . . . . . 6

Standard Position for a Quadrilateral
and its Neighbors. « « o « « 5 « s« & » ¢ » 8




S5 . -
e T —

ABSTRACT

The XYZ Potential Flow Program has been
modified to provide an improved calculation
of streamlines on the body surface. The i

improved program also computes the geodesic
curvatures of both the streamlines and the

SRR g g

equipotential lines to provide input for

three-dimensional boundary layer programs
using the small cross flow approximation.
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I. INTRODUCTION

The value of boundary layer calculations for problems of
two-dimensional or axisymmetric flow has been amply demonstrated.
It is generally believed that three-dimensional boundary layer
calculations will be of similar value. A number of methods have
recently been developed for calculating three-dimensional
boundary layers with small cross flow. These methods require
that the values of the velocity ard of the geodesic curvatures
of both the equipotential lines and the streamlines be specified
along streamlines on the body surface.

The XYZ Potential Flow Program has recently been modified
to provide input data for three-dimensional boundary layer
calculations. These modifications are part of a larger effort
to improve the XYZ Potential Flow Program by including curved
surface elements and linear source terms. A hybrid program
including parts of the older and newer versions is leing made
available now because of the great interest shown in three-
dimensional boundary layer calculations. This report !: designed
to be used with NSRDC Report 38921 on the XYZ Potential Flow
Program and is not self-contained.

Perhaps it would be wise to emphasize here that small
cross flow boundary layer calculations are still of an experimental
nature. For example, the starting conditions and the point of
transition from laminar to turbulent flow must be correctly
specified if accurate results are to be obtained. These

conditions are generally not known and few pecple have much
experience at guessing them. Thus, this report is directed more
to those interested in developing boundary layer theory than to
those doing design studies.

1 pawson, Charles W. and Dean, Janet S., "The XYZ Potential Flow
Program," NSRDC Repcrt 3892, June 1972.




ST

I1. THREE-DIMENSIONAL ROUNDARY LAYER METHODS

Figure 1 shows a three-dimensional body with two stream-
lines. Note that the streamlines converge or diverge and curve
as they pass along the body side. The convergence or divergence
of the streamlines can be modeled for each streamline by an
axisymmetric body as shown in Figure 2. In other words, when
the radius of the axisymmetric body changes in the right way,
the streamlines will converge or diverge at the same rate as
they do at the particular streamline on the three-dimensional
body. The rate of convergence will change from streamline to
streamline, so a different body is needed for each streamline.
Thus as a first approximation the boundary layer on the three-
dimensional body may be obtained by solving a set of axisymmetric
boundary layer problems.

The curvature of the streamlines on the body surface
indicates the presence of a pressure gradient across the stream-
lines so that there will be a cross flow within the boundary
layer. When the usual small cross flow approximation is used,
there is an equation for the streamwise boundary layers and an
equation for the cross flow. The cross flow depends upon the
streamwise flow but the streamwise flow is usually treated as
being independent of the cross flow. Thus, the streamwise flow
computed from the small cross flow approximation will be the

same as that computed by an axisymmetric program. A computer
program of this type developed at Douglas Aircraft Company by
Cebeci, Mosinskis and Kaups2 is available at NSRDC.

2 Cebe¢ci, T; Mosinskis, G.J.; Kaups, K, "A General Method for

Calculating Three-Dimensional Incompressible Laminar and
Turbulent Boundary Layers I. Swept Infinite Cylinders and
Small Cross Flow," Douglas Aircraft Company Report No.
MDC J5694, Nov 1972.
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1 - Streamlines on a Three-dimensional Body

Figure

ymmetric Pipe Model of a Three-dimensional

Figure 2 - Axis
Body for One Streamline
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I11. NATURE OF THE PROBLEM

The XYZ Potential Flow Program computes an approximate
solution to the problem of three~dimensional potential flow
over an arbitrarily shaped body. The body surface is
represented by a set of plane quadrilaterals. In the solution
the values of the velocity are computed at the centroids of the
quadrilaterals. A subprogram which computes the on-body stream-
lines is given only the quadrilaterals and the velocity at the
centroids. The earlier subprogram assumed that the velocity
was constant in each of the quadrilaterals. The resulting
streamline data was quite rough and did not include any
information on the curvature of the streamlines or equipotential
lines. The new subprogram uses data from two of the neighboring
quadrilaterals and thus can include linear terms in the
approximation to the velocity. As a result the streamline data
is much smoother and the geodesic curvatures of the streamlines
and equipotential lines can be computed. Using the geodesic
curvatures the metric, or effective radius of the body, along
the streamline is computed. This data can then be used with
either a small cross flow boundary layer program or, ignoring

cross flow, with an axisymmetric boundary layer program.




IV, RESTRICTIONS ON THE INPUT ‘

The input is the same as that described in NSRDC Report 3892.
However, there are four restrictions. These restrictions are
required because the quadrilaterals must be organized so that
neighboring quadrilaterals are readily available. The quadri-
laterals are organized in groups of four about a common corner
point as in Figure 3. Thus there must be an even number of
quadrilaterals in both the N and M directions in each of the
sections of the body.

The sides between quadrilaterals are used to define the
quadrilateral coordinate systems and serve as the axis of rotation
when the surface is flattened to facilitate the numerical
differentiation of the velocity. Thus, the common corner point
of a group of four quadrilaterals must not coincide with any
other corner point. The third restriction is that each set of
four quadrilaterals must have at least seven distinct corner
points to allow a curved surface to be fitted to the points.

QUAD15

QUAD 13 QUAD 14

QUAD 11 QUAD 12

QUAD10

Figure 3 - Ordering of the Quadrilaterals
For A Right Handed Cootrdinate System
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Thus only two of the four quadrilaterals may degenerate into
triangles by having two of their corner points coincide.

The last restriction also is a result of the way the
curved surface is fitted to the points. The angle between
the normal vectors of two quadrilaterals in a group of four
must be less than 90° and perferably less than 45°. If a
sharp edge is required the input should be arranged so that
the edge is along the boundary of the groups of four and not
through the center.

i e T S AN ANt e




V. COMPUTATION OF THE PARTIAL DERIVATIVES OF THE VELOCITY

The quadrilateral is placed in a standard position with
an upper neighbor and a right neighbor as shown in Figure 2.
The other neighbors are ignored. The quadrilateral coordinate
system is designated by L yq, zq, the right neighbor
coordinate system is designated by Xps Ypo Zp and the upper
neighbor coordinate system by Xx,, Yys 2y,- Note that xq is
parallel to the upper boundary of the quadrilateral and X,
is parallel to the right boundary of the quadrilateral.

/5

A 2

Figure 4% - Standard Position for a Quadrilateral
and its Neighbors

o

In general, the neighbors will not be in the same plane as
the quadrilateral. Thus, the first task is to compute
appropriate velocity and position vectors for the neighbors in
the quadrilateral coordinate system as though they were in *“ne

quadrilateral plane. This is done as follows:

S ———
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s 1. The cosine of the angle of rotation between the
quadrilateral plane and the plane of the upper neighbor (cos ou)
is found from the dot product of their unit normal vectors.

2. The upper neighbor velocity vector is transformed into
the quadrilateral coordinate system. The yq component is
divided by cos 8, to correct for the effect of surface
curvature and the normal component is set to zero. The result
is as though the velocity vector had been rotated about the
boundary between the quadrilateral and the upper neighbor into
the plane of the quadrilateral.

3. The coordinates of the centroid of the upper neighbor
are transformed into the quadrilateral coordinate system. An
approximate correction for the effect of surface curvature is

made to the yq coordinate.

S 2 2.4
yq corrected = g[“ (yq4'zq) +y '+yq/coseu] (1)

q

This equation was obtained as follows. The arc length along a
curve in the vy, 2z plane is

Y1
t= f a+E&dHiay
y
Yo

When approximated by Simpson's Rule, £ becomes

- | [yl'YO]{[ dz. 2 W dz\2 W dz.2
: es B e @2 Jr v @2 Je e ]
| 3
Y vo 'y, V'y, }
’ Now yl-yo . yq
dz 2
y (dy YO v
: dz 2 dz,? ] -
(3§) = tan Bu thus [l-*(av)y s 1/cos 8,
Yy i
g 9
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Since (3§)y is not known, the term

dz,? ]* -
[y1°y0] [1"(3§)y* is replaced by the chord length

(y2+ zz)}. Thus equation (1) is obtained, and the normal

qQ9 q
component can now be ignored.

4., The cosine of the rotation angle (cos or) between
the planes of the quadrilateral and its right neighbor is
computed from the dot product of their unit normal vectors.

5. The right neighbor velocity vector is transformed into
the right neighbor coordinate system and the Y, component is
divided by cos er. The resulting vector is transformed into
the quadrilateral coordinate system and the normal component is
set to zero. As with the upper neighbor this has the effect of
rotating the vector about the right boundary into the quadri-
lateral plane.

b. The vector from the quadrilateral centroid to the right
neighbor centroid is transformed into the right neighbor
coordinate system. The s 5 component is corrected for'surface
curvature and for the transformation to the quadrilateral
coordinate system.

y, corrected = [u(yi'*zi)*'+yr'*yr/cos er]/s cos 6 (2)

The normal component is set to zero and the resulting vector is
transformed into the quadrilateral coordinate system.

The velocity and coordinates are now known for three points
in a plane. Thus the two tangential components of the velocity
may be approximated by

U=y +VU

(3)
v-

[l
<
+
<
x
L0
+
<
<
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where U 1is the xq component of the velocity

V is the Yq component of the velocity

The equations from the three points readily yield the
three unknowns in each approximation. Thus (Ul,Vl) and
(Uz,vz) which are the approximate partial derivatives of the
velocity with respect to xq and yq are obtained.

11




VI. COMPUTATION OF POINTS ON A STREAMLINE

The streamline computation begins at a given point in a
specified quadrilateral with the velocity vector vV = (u,v)
given by equations (3). A stream function is desired which will
have a constant value of zero along the streamline. Since the
divergence of V is not zero, an addit}onal function p must
be found such that the divergence of pV is zero. Then for

a particle following a streamline:

glzd/dt:!:.p_!
dx dx/dt U oU

Thus a new vector field is constructed whose streamlines are
identical to those of the velocity field but whose divergence

is zero. The function p 1s given by the series:

U (U1+V°) Y (U1+V2)
( ) = 1 - = - B y
3] quyq A T—' xq 2+ yq (4)
UZ+v UZ+V
qQ q q q

The resulting stream function is:

2
UV (U, +V,) |x
& Wee W st Wl
SF(x,syq) = SFg = Vox + U y, - v, T _29 (5)
qQ q
UV (U, +v.) ] y2 U2(U, +V.)
q e

- 4ag Yq B e b
g b pr. Jow g * 1Yy Tt R v
qQ q a q
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The constant value SF0 is chosen so that the stream function
is zero at the specified point. Since the velocity is known
only through the linear terms it is consistent to truncate

the stream function after the quadratic terms.

Values of SF at the four corner points of the quadri-
lateral are now computed. By comparing the signs of SF at
adjacent corners, the sides through which the streamline passes
are determined. If the streamline passes through a side, the
value of SF is computed at the midpoint of the side. From
these three points the intersection point is computed from a
three point interpolation formula.

The parameter t (0 < t < 1) is defined so that:

x )

Xy o (x3-x1

(6)

Y 5y Y5 Aygmy?
Here x, y 1is the intersection point.
XY, is one corner point.

X35Y4 is the other corner point.

X55Y5 is the middle point.

Then:
0 = SF(x,y) = ZSFl(t-§)(t-1) - uSth(t-l) + 2SF3t(t-i) (7)

The root of this equation is chosen so that 0 < t < 1. Note
that if there had been two roots between 0 and 1, then SF
would have the same sign at both corner points and those
intersection points would be ignored completely.

In general, two intersections will be found for the entire
quadrilateral, one where the streamline enters and one where it
leaves. It is possible, however, for there to be four inter-
section points. The next point on the streamline is chosen from
the intersection points as follows. A quantity Q is computed
for each intersection point by taking the dot product of the

13
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vector from the starting point to the intersection point with the
velocity vector at the centroid of the quadrilateral and then
multiplying it by the direction sign. (The direction sign is

+1 if the streamline is being traced downstream and -1 if it is
being traced upstream.) The intersection point with the maximum
positive value of Q is chosen. However, if the largest 0Q

is less than or equal to zero, none of the points is acceptable
and the program searches for another quadrilateral through

which the streamline might pass.

Since each of the points representing a streamline is
located at the boundary between two quadrilaterals, the values
of the velocity and geodesic curvatures at each point can be
computed separately for the two quadrilaterals. The average
of the two values at a point is taken as the value at that
point.

The streamline is first traced in the downstream direction
and then in the upstream direction. After the entire stream-
line has been obtained the arc length along the streamline is
computed so that it starts at zero at the upstream end. Points
which are very close together are combined. Such points occur
when the streamline just cuts across a corner of a quadrilateral.
If the distance between two points is less than 1/8 the
distance between their neighbor in front and their neighbor in
back, they are combined and average values of their velocity,

position and curvatures are used for the new point.

1y




VI1. COMPUTATION OF THE GEODESIC CURVATURES
(Ky AND Ko) AND THE METRIC COEFFICIENT Hy

The unit vector tangent to the streamline is

where U, V, W are the components of the velocity vector.

g . . .
1, J, k are unit vectors'in the three coordinate
directions.

The curvature of the streamline is defined by
- >
K =4 T/dL
where £ is the arc length along the streamline. The geodesic
curvature is the component of K on the body surface

> > >
K_= K- (TxN)
3 g
where N 1is the unit normal vector to the surface.
For a plane quadrilateral and with vectors written in the

quadrilateral coordinate system we have

T = (1u+ 3v) 7 (u2svt

d 9

A d 2,02,
‘az-(Ua—’?*V-a—y')/(U'?V)

: K 2 (1V~ 30X EUEVU ' UV ¢ VU= UV TT 7 (ulerdy?
X X y y

where subscripts x and y denote partial differentiation

TxN = (~iV+ jU)/ (U+V")
3 Thus K,, the geodesic curvature for the streamline is obtained.
a4
Ky = [U(UY, = VU + VUV - VU )T/ (w2ev?)? (8)
15
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The geodesic curvature for the equipotential lines, Kl’ is
found by simply replacing U by V and V by -U in
equation 8.

3
2

= = L 2.2
K1 = [-V(VUx UVx)+ U(VUy lJVy)]/ (U +V©) (9)

The metric coefficient H2 is computed from the values

of Kl' By definition

1 3H
K %o R
s Pl . Nl - 7 4
5 Y.
H1 is defined to be one along the streamline so:
9H
T
2] Y4

This equation is approximated by:

s ok
Hy (L +82) - Hy(8) = - 55 [H (2) K (L) + H,y (£ +8L) K (£ +aL)]

- 2 - ALK )

By (e +80) = Hy (D) | gy ooty (10)

where AL 1is the chord length of the segment of the stream-
line passing through the quadrilateral.
Note that H, is determined only to within a multiplication
constant. This constant was arbitrarily chosen so that H2
is one at the specified starting point for the streamline.
Thus, for an axisymmetric body H, will be proportional to the

radius but will not i~ general equal the radius.
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VIII. POSSIBLE DIFFICULTIES

There are several possible difficulties in the computation
of a streamline that can cause the program to end the stream-
line in the wrong place. These are:

1. When the projection of the starting point onto the
plane of the starting quadrilateral lies outside the starting
quadrilateral, there are two possiblities which may occur.
The streamline will be traced in only one direction if it
passes through the starting quadrilateral or it will not be

traced at all if it does not pass through the starting quadri-
lateral.

2. If the streamlines are converging from both sides
toward the boundary line between two quadrilaterals, it
may happen that due to numerical approximations the computed
streamline will intersect the boundary. Then the program
cannot find another quadrilateral in which to continue the
streamline and will end the streamline at that point.

3. The present program does not provide for the
continuation of a streamline across a plane of symmetry. Hence,
when a streamline intersects a plane of symmetry it will be
terminated.

L7




IX. OUTPUT

The edited output includes the following information:
(See Appendix B for a sample of edited output.)

1. The problem identification and information from the
parameter card.

2. Information concerning each of the quadrilaterals
specified by the input. This includes
a. Warning messages about possible errors. A
message "Questionable Point - Poor Fit" replaces
the "LARGE D" message described on page 39 of
NSRDC Report 38S2.

b. M,N - the indices for the first corner point.

c. P - the quadrilateral number in the total array of
quadrilaterals.

d. X1, Yl, Z1 - the coordinates given for the first
corner point. (Point M,N.)

e. X2, Y2, Z2 - the coordinates given for the second
corner point. (Point M+1,N.)

f. X3, Y3, Z3 - the coordinates given for the third
corner point. (Point M+1,N+1.)

g. X4, Yu, Z4 - the coordinates given for the fourth
coerner point. (Point M,N+1.)

h. XP,YP,ZP - the coordinates computed for the centroid.
i. XN.YN,ZN - the components of the normal vector.
j. A - the area of the quadrilateral.

k. FL - the maximum distance of a corner point from
the centroid of the quadrilateral.

\t 18




l. CZ1,CZ4,C25,CZ6 - the coefficients of a local
quadratic fit of the body surface. These are not
used in the present version of the program except

for checking input.

3. Information about the convergence of the iterations for

computing the source density. This information includes

a. The sum of the absolute values of the changes in
the source density from the last iteration.

B A, §1, and 52 - the extrapolation coefficients
computed from the last five iterations. (Once

every five iterations.)

c. A message indicating extrapolation has been

performed.

4. The edit of the final solution includes, for each of

the three basic flows

a. The point number ~ the same number as the P in

Part 2.c of the output.

b. X,Y,Z - the coordinates of the centroid.

c. VX,VY,VZ - the components of the velocity at the

centroid.
d. ABS :V -~ the absolute value of the velocity.

e. CP - the pressure coefficient, CP = 1 - V2/VZ >

f. The source density.

g. The normal component of the velocity.

5. The edit of the solution for each additional flow
includes the same items as for the three basic flows except

that items f. and g. are omitted.

19
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6. The output for each on-body streamline includes the
following quantities for each of a set of points on the stream-

line:
a. X,Y,Z - the coordinate of the point.
b. VX,VY,VZ - the components of the velocity.

c. CP - the pressure coefficient.

d. K1,K2 - the geodesic curvatures.
e. H2 - the metric coefficient.

f. L - the arc length along the streamline from the
upstream end to the current point (X,Y,Z).

g. V - the absolute value of the velocity.

20
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X. USE OF THE OUTPUT FOR ROUNDARY LAYER CALCULATIONS

Most boundary layer programs require input consisting only
of the values of K2, H2, L, and V which are calculated by the
XYZ Potential Flow Program and described in Chapter VIII. It
might seem then that using this potential flow data to do a
boundary layer calculation would be very simple. Unfortunately
there are several points which must be considered before
proceeding with the boundary layer calculation.

First, the data as it comes from the XYZ Potential Flow
Program may be rather rough or bumpy and may not contain
enough points for an accurate boundary layer calculation. Thus,
it may be necessary to use some curve fitting routine to fit a
smoother curve through the data and thereby increase the number
of data points.

Another problem is that of specifying the initial velocity
profile and the point of transition from laminar to turbulent
flow. It should not be assumed a priori that a method which is
satisfactory for two-dimensional or axisymmetric problems will
be equally satisfactory for small cross flow problems.
Experiments with several methods may be necessary to obtain
satisfactory results.

Axisymmetric boundary layer programs require the radius of
the body as input. Thus, when an axisymmetric boundary layer
program is used, the radius of the analogous axisymmetric body
must be computed. This radius will be a constant times the H,
computed by the XYZ program. There are two points to consider
in choosing this constant. First, the change in the radius
(AR) between any two points on the streamline must be less than
the arc length (A£) between them. Secondly,if the initial
velocity profile is to be determined by the wedge angle at the
leading end of the streamline, then AR for the first two
points must satisfy the equation

AR = A& sin 6, (11)
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where 0 1is the half angle of the wedge. Thus the values of
R along the streamline are determined for the entire stream-
line. Note that the values of R which are determined by
equation 11 might not satisfy the first condition that

AR s AL everywhere on the streamline. This may or may not

cause trouble,depending upon the way the boundary layer program
> is coded.




APPENDIX A

DECK SETUP FOR STANDARD RUN OF SAMPLE PROBLEM SPHERE
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CHARGE s CXXXy PPOPPPPPPP RSyl
RFL¢55000
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REQUEST, TAPE( T, *PF,
REQUEST,TAPEQL,%2F,
RFEIUCST,TAPC?,%RF,

VTTACH(PFL JCXXXPFIVLIATI (MR=1)

.« & s s

USFRS JOB CA?n *

USERS CHARGF CARD *
CXXX IS USERS ID *
PPPPPPPPPP 5
JOR ORNER NUMIFP

ATTACHY PPOGRAM *

ATTACH(PF?2 ,AXXXPT2Y4TA8TZ4MP=1) * COMPILATIONS
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EXIT,
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1.0 .0 .: 1
«232331% «0 «33254 1
«73711 o «70711 1
«2234% « 382068 .t &
«388%8)4 « 325064 «323]0 z
«57383 «3032° 7383 Z
o7TC711 «70711 .. 3
«Hh7383 «h7383 «30%25 3
«37735 «57735 «57735 3
o 1.1 o 1
« 38259 «32388 oJ 1
«70711 «7C711 o 1
o «72383 «382518 2
« 32574 «+3B83J8Y «3250 4 2
«Hh7333 «57383 302210 2
o] « 70711 «73711 3
«30320 «RT7383 «n7383 3
«57735 «57735 «37735 3
o9 ol lel 1
o1 e« 38263 «92488 1
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